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FIELD OF THE INVENTION 

The invention relates to a method as well as an apparatus for 
scanning a scene or image with an optical beam so as to detect 
objects or other information in the scene or image . 

5 BACKGROUND INFORMATION 

German Patent Publication DE 41 15 747 C2 discloses a method and 
an apparatus of the above generally mentioned type. The 
disclosed apparatus includes a transmitting or emitting part for 
generating, emitting and deflecting a scanning beam that is to 

10 scan the scene of interest, and a receiving part for detecting 
a reflected beam that arises as a reflection of the scanning beam 
from objects in the scene- In this context, the emitting part 
comprises a beam generating source, which emits a laser beam as 
the scanning beam, as well as two prisms arranged or interposed 

15 in the beam path of the scanning beam. One of these two prisms 
is rotated about a vertical rotation axis and the other prism is 
rotated about a horizontal rotation axis, so as to deflect and 
thereby scan the scanning beam in horizontal and vertical 
directions respectively. Namely, the prism rotating about the 

20 vertical axis achieves a horizontal moving deflection or scanning 
of the scanning beam, while the prism rotating about the 
horizontal rotation axis achieves a vertical moving deflection 
or scanning of the scanning beam. Both of these prisms comprise 
planar parallel side surfaces, on which the scanning beam is 

25 refracted. Due to the parallelism of the respective side 
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surfaces, these side surfaces will cause a parallel shifting or 
translation of the scanning beam by a value that is respectively 
dependent on the angular position or orientation of the 
respective prism. Thereby, the prism rotating about the vertical 
rotation axis causes a horizontal shifting or translation, while 
the prism rotating about the horizontal rotation axis causes a 
vertical shifting or translation of the scanning beam. 
Thereafter, i.e. downstream of the prisms, the scanning beam is 
directed through a convergent lens and thus projected onto the 
scene that is to be scanned. 

A substantial disadvantage of the known apparatus and method is 
that two separate prisms are reguired for achieving the 
horizontal and vertical deflection or scanning of the scanning 
beam. These two prisms reguire a substantial structural space 
and are each subject to operational interferences or 
malfunctions. Each prism can also successively add optical 
distortions or aberrations to the scanning beam. 

The Japanese Patent Publication JP 62-008119 A discloses a method 
and an apparatus including a polygonal mirror having several 
mirrored side surfaces that are respectively tilted at different 
angles relative to a rotation axis of the rotating mirror. A 
scanning beam directed at the rotating polygonal mirror is thus 
reflected successively from the differently angled mirrored side 
surfaces, whereby a two-dimensional scanning of a scene by the 
reflected scanning beam can be achieved. The scanning beam may 
be a laser beam. This known method and apparatus, however, have 

4621/WFF:ar - 3 - 



the disadvantage, that each one of the mirrored side surfaces of 
the polygon mirror must be relatively large in order to achieve 
a deflection of the entire laser beam over the required angular 
range of the scanning field. 

Furthermore, various mirror arrangements having rotatable mirror 
surfaces arranged at a tilt angle in the beam path of a scanning 
beam so as to totally reflect the scanning beam and thereby scan 
a scene with the reflected beam are known in the prior art, for 
example as disclosed in JP 10-186260 or DE 197 13 826 Al . 

It is also known in the prior art to use prism arrangements for 
scanning a scene, for example as disclosed in EP 0, 136, 646 Al or 
GB 1,562,190, whereby, however, a total reflection of the 
scanning beam does not arise in any case. 

SUMMARY OF THE INVENTION 

In view of the above, it is an object of the invention to provide 
a method and an apparatus of the above mentioned general type, 
which is simpler, more economical and compact or space-saving, 
and which achieves the optical scanning of a large angular range 
of a scanning field of a scene that is to be scanned. The 
invention further aims to avoid or overcome the disadvantages of 
the prior art, and to achieve additional advantages, as apparent 
from the present specification. The attainment of these objects 
is, however, not a required limitation of the present invention. 
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The above objects have been achieved according to the invention 
in an apparatus for optically scanning a scene, whereby the 
apparatus includes a transmitting or emitting part for emitting 
a scanning beam that is moved or scanned over the scene, and a 
receiving part for detecting a reflected beam that arises from 
a reflection of the scanning beam on an object or feature or 
artifact of the scene. Throughout this application, the term 
"scene" is used broadly to cover any optically scannable pattern 
of information (e.g. a scene, image, pattern, arrangement of 
objects, or the like), and the "object" in the scene may be any 
feature of the scene that yields optically scannable information. 
The terms "optical" and "light" are not limited to the visible 
portion of the electromagnetic spectrum, but rather include 
visible light as well as invisible infrared radiation, for 
example, or any radiation that can be deflected through a prism. 

The emitting part of the apparatus comprises an optical beam 
source for generating the scanning beam, and a first prism 
element, e.g. a first prism, that is rotatable about a rotation 
axis. This first prism is transparent and located in the beam 
path of the scanning beam generated and emitted by the beam 
source, so that the scanning beam penetrates into the prism. 
More particularly, the first prism is positioned in the beam path 
of the scanning beam in such a manner so the scanning beam 
penetrates into the interior of the prism, and there is 
internally reflected by total reflection on one of the side 
surfaces of the prism, whereby the beam is deflected. Due to the 
rotation of the prism, the reflection angle of the total 
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reflection on the respective reflecting side surface of the prism 
varies along with the rotation, whereby the deflected scanning 
beam directed from the prism toward the scene is successively 
scanned or swung over the scene in a direction perpendicular to 
the rotation axis of the prism. Furthermore, in addition to the 
internal total reflection from one of the side surfaces, the 
scanning beam is further deflected by refraction as it enters 
into the prism through another side surface, and/or as it exits 
from the prism through another side surface of the prism. Thus, 
the total deflection of the scanning beam by the prism, from the 
initial beam direction as generated by the beam source, to the 
final beam direction being emitted toward the scene, comprises 
the internal total reflection from one of the side surfaces of 
the prism, and the refraction of the scanning beam upon entering 
and/or exiting the prism through one or more other side surfaces 
thereof . 

In a particular preferred example embodiment of the inventive 
apparatus, the first prism includes plural side surfaces that are 
respectively tilted at different tilt angles relative to the 
rotation axis of the prism. As the prism rotates, the scanning 
beam will be deflected as described above and thereby scanned 
across the scene in the scanning direction perpendicular to the 
rotation axis. Additionally, at the end of each scan line, the 
emitted beam will be shifted line-by-line to the beginning of a 
next successive scan line in a direction parallel to the rotation 
axis. Namely, as the prism rotates, the incident scanning beam 
penetrating into the prism will be successively reflected from 
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successive ones of the prism side surfaces, which respectively 
have different tilt angles as mentioned above* Due to the 
different tilt angles, the successive prism side surfaces will 
reflect the scanning beam respectively along different scanning 
planes that are angularly shifted or tilted relative to one 
another in a direction parallel to the rotation axis. The 
particular angular positions of the respective scanning planes 
will be determined by the respective tilt angles of the several 
side surfaces of the prism. A shift from one scanning plane to 
the next takes place each time the incident scanning beam 
penetrating into the prism shifts from one side surface to the 
next due to the rotation of the prism, i.e. when one side surface 
moves out of the beam path and the next side surface moves into 
the beam path due to the rotation of the prism. As a result, the 
deflected scanning beam will scan sequentially line-by-line in 
successive scan lines across the scene. 

Preferably, the tilt angles of the successive side surfaces of 
the prism are specifically selected so that the scene can be 
scanned line-by-line without gaps between the successive scan 
lines. The width of each scan line is determined by the beam 
divergence or beam width of the scanning beam as it impinges on 
the scene. Thus, the tilt angles and the successive step-wise 
variation or difference of the tilt angles of successive side 
surfaces of the prism must be selected depending on the optics 
of the system, the intended operating distance from the apparatus 
to the scene to be scanned, and the like, to ensure that there 
will be no gaps between successive scan lines. It has been 
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determined that a particular preferred and advantageous 
embodiment of the inventive apparatus includes a prism having a 
triangular cross-section, i.e. with three side surfaces arranged 
to be rotatable successively into the beam path of the scanning 
beam, whereby these three side surfaces are respectively tilted 
by 2°, 3° and 4° relative to the rotation axis of the prism. 

In a further advantageous embodiment of the invention, the 
emitting part of the apparatus additionally includes a lens 
arrangement interposed in the beam path of the deflected scanning 
beam exiting from the prism, for converging, diverging, 
collimating, or focusing the deflected scanning beam onto the 
scene . 

According to the invention, the receiving part of the apparatus 
can be embodied substantially the same as the emitting part, 
except that the beam source of the emitting part is replaced by 
a photodetector in the receiving part. Thus, the receiving part 
preferably comprises a second prism element, e.g. a second prism, 
that is configured exactly the same as, and also rotates 
synchronously with, the first prism of the emitting part. This 
second prism is interposed in the beam path of the reflected 
beam, so that the second prism receives and deflects the moving 
reflected beam onto the stationary photodetector. The 
photodetector can be a single cell detector, which receives the 
optical information of the reflection of the image or scene as 
a substantially continuous progression of optical intensity 
values, as the scanning point is scanned successively 
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line-by-line across the scene as described above. The successive 
optical intensity information received by the photodetector can 
then be evaluated in an analog manner, or can be converted into 
a bit sequence of digitized bits representing the successive 
reflection intensity values of successive pixels along the 
successive scanning lines of the scene or image. 

The two prisms of the emitting and receiving parts thereby rotate 
about the same rotation axis, or the second prism may rotate 
around its own separate second rotation axis that is parallel to 
the rotation axis of the first prism. Furthermore, in an 
especially simple embodiment, the first prism element of the 
emitting part and the second prism element of the receiving part 
are embodied as two portions of the same single monolithic prism 
body. In that case, the two conceptual prism portions can 
physically overlap each other in the single monolithic prism 
body, with just enough beam separation between the emitted beam 
and the scanning beam in the prism body to allow for the distinct 
locations of the beam source and the photodetector. 
Alternatively, the two individual first and second prisms can be 
joined together, e.g. being glued or otherwise fixed together, 
so as to rotate synchronously together about the same rotation 
axis. The two prisms preferably both consist of the same 
material, such as glass, a transparent plastic, a crystal 
material, or any conventionally known prism material. The two 
prisms may be rotated by any conventionally known motor or 
rotational drive arrangement. 



4 621/WFF:ar 



- 9 - 



Also similar to the emitting part, the receiving part may further 
include a lens arrangement interposed in the beam path of the 
reflected beam for converging, diverging, collimating or focusing 
the received reflected beam onto the second prism, from which the 
reflected beam is deflected onto the photodetector . 

The apparatus according to the invention is especially suitable 
for use as a component in a spacing distance radar or measuring 
arrangement of a system for regulating the spacing distance 
between successive motor vehicles, or for an object recognition 
system for recognizing objects in the environment surrounding a 
motor vehicle. 

In comparison to conventionally known apparatuses using rotating 
polygonal mirrors, the inventive apparatus has the advantage that 
it provides a larger light emission surface, and thus a larger 
angular scanning field, while using a prism having smaller 
dimensions than the conventional polygonal mirror. 
Simultaneously, the inventive apparatus thus has a reduced 
sensitivity to contamination or fouling of the surfaces of the 
various optical components, and additionally presents a reduced 
danger of laser beam injury to the eyes of any person who looks 
at the emitting portion of the apparatus. 

The above objects have further been achieved according to the 
invention in a method for optically scanning a scene. This 
method may, for example, be carried out using the inventive 
apparatus as described herein. Thus, the scanning light beam is 
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deflected by total internal reflection within a rotating prism, 
namely total reflection from one of the side surfaces of the 
prism, such that the deflected scanning beam is directed toward 
the scene to be scanned, and is moved or scanned across the scene 
due to the rotation of the prism. In addition to the total 
reflection of the scanning beam in the interior of the body of 
the prism, the deflection further generally includes a refraction 
of the scanning beam upon entering into and exiting from the body 
of the prism. Thus, the overall deflection may have a complex 
or compound nature. In any event, the movement of the deflected 
light beam across the scene results from the rotation of the 
prism, which causes a continuous variation of the reflection 
angle and the refraction angle of the light beam along each 
respective side surface of the prism. 

In an advantageous further development of the inventive method, 
at least a portion of the scanning light beam is reflected from 
the scene to form a reflected beam which is then deflected by 
total reflection internally from a side surface of the above 
mentioned rotating prism or a further second rotating prism, 
Thereby, the deflected reflected light beam is directed onto a 
photodetector . In this regard, the reflected light beam may be 
directed through a lens arrangement interposed between the scene 
and the receiving prism. Thereby, if two separate prisms are 
used, they are preferably configured the same and are rotated 
with the same rotation speed in the same rotation direction about 
the same rotation axis. Alternatively, the two prisms may be 
rotated about two distinct rotation axes that are parallel to 
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each other. The scanning light beam is preferably initially 
generated by a laser light source, and especially by means of an 
infrared laser diode. 

An especially preferred embodiment of the inventive method uses 
the first prism having plural side surfaces with respective 
different tilt angles relative to the rotation axis. In this 
embodiment of the method, the scanning beam is deflected so that 
it is scanned line-by-line in successive scan lines, namely in 
two dimensions, across the scene to be scanned. 

The invention achieves the following advantages. It may be 
carried out in a simple manner with components that can be 
produced and assembled economically and with little technical 
effort. It allows the detection or scanning of a rather large 
angular range of the scene, because the refraction of the light 
beam upon entering into and exiting from the prism can be fully 
utilized in addition to the internal total reflection inside the 
prism, for achieving a strongly varying deflection angle as the 
prism rotates. In other words, the deflection angle caused by 
the prism varies more rapidly than would a simple reflection from 
an external mirror surface of a mirror rotating at the same 
rotation rate as the inventive prism. Also, a single prism can 
achieve the scanning in a first dimension as well as the 
line-by-line shifting of the scan point in a second dimension 
across the scene, so that two separate scanning devices are not 
needed for achieving the two-dimensional scanning. As a result, 
the apparatus has a small structural height, which is not 
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essentially determined by the focal length of any lens 
arrangement that may be used. It is further possible to use 
additional deflecting mirrors , if desired, whereby the structural 
volume of the overall apparatus may be further reduced. Due to 
the relatively large output or exit opening of the deflected 
scanning beam, the apparatus and the method have a relatively low 
sensitivity to contamination or fouling of the optical components 
and particularly of the surfaces of the prism, the lens, and/or 
an exit window or the like. The inventive method and apparatus 
can easily be incorporated into driver support systems in motor 
vehicles, and particularly spacing distance regulating systems 
of motor vehicles, object recognition systems, or spacing 
distance measuring systems . 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be clearly understood, it will 
now be described in connection with example embodiments thereof, 
with reference to the accompanying drawings, wherein: 

Fig. 1 is a schematic principle diagram of an emitting part 
of an optical scanning apparatus according to a first 
embodiment of the invention; 

Fig. 2 is a schematic principle diagram of a receiving part 
of the optical scanning apparatus according to the 
first embodiment, of which the emitting part is shown 
in Fig. 1; 
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Fig. 3 is a schematic principle diagram of a further 
developed second embodiment of an optical scanning 
apparatus for scanning a scene in several scanning 
planes according to the invention; and 

Fig. 4 is an enlarged schematic perspective view of a single 
prism of the apparatus according to Fig. 3. 

DETAILED DESCRIPTION OF PREFERRED EXAMPLE EMBODIMENTS AND OF THE 
BEST MODE OF THE INVENTION 

A first embodiment of an optical scanning apparatus according to 
the invention will now be described in detail with reference to 
Fig. 1 showing the emitting part E, and Fig. 2 showing the 
receiving part R, of the overall apparatus. This apparatus can 
be used for carrying out the general embodiment of the inventive 
method. 

As shown in Fig. 1, the emitting part E of the apparatus includes 
a light source 21, for example embodied as an infrared laser 
diode, a first prism 25 with an equilateral triangular 
cross-section bounded by three side surfaces 25A, 25B and 25C, 
and a lens arrangement 2 2 embodied as a Fresnel lens, for 
example. The light source 21, which is arranged at a fixed 
position with a fixed orientation, emits an emitted light beam 
EB in a direction toward the prism 25. Namely, the prism 25 is 
interposed in the beam path of the emitted light beam EB, so that 
the emitted beam EB penetrates into the body of the prism 25. 
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Thereby, for example, the emitted beam EB from the light source 
21 penetrates through the side surface 25B, where the beam may 
be refracted at point Rl, then is internally reflected in the 
body of the prism 25 by a total reflection at a point R2 on the 
inside of the side surface 25A, and then finally the beam exits 
from the body of the prism 25 through another side surface 25B 
where the beam may again be refracted at point R3 . The 
refraction angle of the possible refractions at Rl and R3 , as 
well as the reflection angle 5 r at R2 within the prism 25, depend 
on the rotational angular position of the prism 25 about the 
rotation axis 10. 

After exiting from the prism 25, the thereby deflected emitted 
light beam EB passes through the lens arrangement 22, by which 
it may be further divergently or convergently refracted, so that 
the emitted beam EB is ultimately projected onto the scene S that 
is to be scanned. In other words, in this manner, the light 
emitted by the light source 21 is projected onto and illuminates 
the point PI of the scene S. The particular point of the scene 
S being illuminated at any time depends on the respective angular 
position of the prism 25 about the rotation axis 10 at that time. 
Since the prism 25 rotates during the scanning process, the 
scanning point P, i.e. the point at which the emitted beam EB is 
directed, will move across the scene S. 

Due to the rotation of the prism 25 through the rotation angle 
a, the prism 25 will be moved from the initial position shown 
with solid lines to the varied position 25' shown with dashed 
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lines. Thereby, the deflection of the emitted light beam EB 
caused by the prism 25 will change. Particularly, the reflection 
angle 5 r as well as any arising refraction angle of the emitted 
beam EB as it passes into, through and out of the prism while be 
reflected therein, will change, so that the emitted beam will now 
follow the beam path EB 1 shown in dashed lines. Thus, the light 
source 21 will now illuminate the point PI' of the scene S. As 
the prism 25 rotated through the angle a, the illuminated point 
on the scene S scanned or moved across the scene S from the point 
PI to the point PI' along a single scan line. Namely, in this 
manner, a single line of points across the scene S is scanned by 
the emitted beam. 

Now referring to Fig. 2, the receiving part R of the scanning 
apparatus is constructed generally analogously to the emitting 
part E. Thus, the receiving part R comprises a further second 
prism 35 that is similar to (e.g. has the same congruent 
configuration, the same material, etc. as) the first prism 25 of 
the emitting part E, as well as a further second lens arrangement 
32 corresponding to the lens arrangement 2 2 of the emitting part 
E. Instead of the light source 21 like the emitting part E, the 
receiving part R comprises a photodetector 31, which is embodied 
as any conventionally known optical detector element, for example 
a PIN diode. 

The second prism 35 of the receiving part R is rotated in the 
same manner (i.e. the same direction and same rotation speed) as 
the first prism 25 of the emitting part E. Advantageously, the 
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two prisms 25 and 35 may be arranged directly adjacent to one 
another and rigidly connected or bonded to each other, so that 
they rotate about the same rotation axis 10 with the same 
rotation speed. Alternatively, the two prisms 25 and 35 could 
each individually be rotated with the same rotation speed about 
two separate parallel rotation axes. In any event, the two 
prisms rotate together, so that when the prism 25 of the emitting 
part E is in the initial position shown by solid lines in Fig. 
1, then the second prism 35 of the receiving part R will also be 
in the similar initial position shown by solid lines in Fig. 2. 
In this manner, it is ensured that the receiving prism 35 will 
always be receiving the incident reflected beam RB from the 
particular point P of the scene S being illuminated by the 
emitted beam EB at any time, and will deflect this moving 
reflected beam RB always at the stationary photodetector 31. 

Particularly, in the example position illustrated in Fig. 2 with 
solid lines, the point PI of the scene S being illuminated by the 
light source 21 causes a reflection of at least a portion of the 
emitted light to form the reflected beam RB that is received and 
projected through the receiving lens arrangement 3 2 and the 
second prism 35 onto the photodetector 31. That is to say, the 
portion of the emitted light beam EB that is reflected from the 
point PI of the scene S gives rise to the reflected beam RB that 
is directed through the lens arrangement 32 into the second prism 
35, where it penetrates into the prism 35, while possibly being 
refracted depending on the conditions, is then internally 
reflected in the prism by a total reflection on a side surface 
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of the prism 35, whereupon the reflected beam then exits from the 
prism 35 while possibly being further refracted, so as to be 
directed onto the photodetector 31. 

Due to the same configuration and same rotation of the two prisms 
25 and 35, it is ensured that the respective point being 
illuminated by the light source 21 at any moment in time will 
also be imaged onto the photodetector 31 at that moment in time. 
Namely, if the prism 25 of the emitting part E is rotated further 
into the position 25' illustrated with dashed lines in Fig. 1, 
then the second prism 35 will similarly be rotated into the 
position 35' illustrated with dashed lines in Fig. 2. In this 
situation, the point PI' of the scene S illuminated by the light 
source 21 gives rise to the reflected beam RB * that is then 
similarly received and deflected through the lens arrangement 32 
and the second prism 35 (now in the dashed-line position 35') to 
be deflected and imaged onto the photodetector 31. That is to 
say, the portion of the emitted beam EB ' reflected from the point 
PI' will give rise to the reflected beam RB 1 along the beam path 
shown in dashed lines, through the second lens arrangement 32 to 
the second prism 35 (now in the position 35'), through which the 
reflected beam RB * is directed onto the photodetector 31. 

In each rotational position, the second prism 35 of the receiving 
part will simply carry out exactly the opposite total deflection 
of the received beam as was caused by the first prism 25 in the 
emitted beam. Thus, the similar configuration of the two prisms 
25 and 35, together with the common rotation of the two prisms, 
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will ensure that the respective point of the scene being 
illuminated by the light source of the emitting part at any time 
will be the precise point that is also being imaged at that time 
onto the photodetector of the receiving part. It could be said 
that the second prism precisely reverses or "undoes" the motion 
of the scanning point generated by the first prism. 

Thus, as the illuminated and detected point P is scanned across 
the scene S from the point PI to the point PI ' , the photodetector 
31 will generate or output a signal that provides a continuous 
measure of the varying reflectivity or reflection factor of the 
successive points across the scene S. This provides, at any 
time, a measure of the particular reflection factor of the 
particular point P being illuminated and imaged at that time. 
That information can be evaluated by any known pattern, image or 
object recognition algorithms in order to recognize objects in 
the scanned scene. Also the transit time of a pulse of the beam 
from the light source 21 to the detector 31 can be measured to 
determine the distance to objects being detected in the scene S. 
These further developments are discussed below. 

In the present example embodiment, the two prisms 25 and 35 
respectively have the same configuration and may be rigidly 
connected to each other to thereby rotate about the same single 
rotation axis 10. In this case, the two prisms can be glued or 
otherwise bonded to each other at the respective end faces 
thereof, i.e the end surfaces perpendicular to the rotation axis. 
In that case, the two prisms are joined together into a two-part 
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prism. Alternatively, a single monolithic prism body could be 
used, of which a first portion forms the first prism 25 of the 
emitting part E, and the adjacent second portion forms the second 
prism 35 of the receiving part R. All of these variations are 
to be covered by the terms first prism element and second prism 
element, which may respectively comprise two completely separate 
prism bodies, or may be joined together to form a two-part prism 
body, or may comprise two portions of a single monolithic prism 
body. 

The inventive optical scanning apparatus may be incorporated as 
a component of a system for supporting or aiding the driver of 
a motor vehicle, for example especially a spacing distance 
regulation system for a motor vehicle. In this context, the 
optical scanning apparatus will be arranged so as to scan the 
scene of the local surroundings in front of the motor vehicle in 
the forward driving direction. The output of the photodetector , 
representing the image information scanned and detected from the 
scene, is then evaluated through pattern recognition algorithms 
so as to recognize and identify objects located in the 
surroundings, i.e. in the scene, in front of the motor vehicle. 
These objects may, for example, especially be preceding motor 
vehicles driving ahead of the subject vehicle, which may thereby 
be recognized. Additionally, or alternatively, the spacing 
distance between the subject vehicle and a preceding vehicle or 
other object located in front of the subject vehicle can be 
determined by evaluating the signal transit time of the signal 
emitted as the emitted light beam EB and received back as the 
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reflected beam RB. From this transit time, e.g. of a pulsed 
light signal, the spacing distance can be determined. From this 
spacing information, the system can monitor or test whether the 
required safe spacing distance is being maintained relative to 
the preceding vehicle for a given driving speed. If the required 
safe spacing or following distance is not being maintained, the 
system can emit a warning signal to the driver, or carry out an 
automatic spacing distance regulation of this spacing distance, 
e.g. through automatic application of the vehicle brakes or the 
like. 

Another application of the inventive optical scanning apparatus 
is to scan and evaluate the scene or local surroundings to the 
side of the motor vehicle, for example in the driving lane or the 
road shoulder adjacent to the motor vehicle. Thereby, any road 
markings, for example provided on the road surface as lane marker 
lines to divide adjacent driving lanes from each other or to 
separate the driving lane from the breakdown lane or shoulder, 
can be evaluated and recognized by the system. In the event that 
the vehicle is moving laterally out of the present driving lane, 
as recognized by the approach toward the lane markers or the 
like, the driver can be warned thereof, or an automatic steering 
program can be activated to maintain the vehicle within the 
original driving lane. 

Figs. 3 and 4 show a further embodiment of the optical scanning 
apparatus 1, such as the optical spacing distance measuring 
system 1 according to the invention, with a further developed and 
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specialized configuration of the prisms 20 and 30. The overall 
construction and arrangement of this apparatus 1 is similar to 
that discussed above in connection with Figs, 1 and 2. Thus, the 
apparatus 1 includes an emitting part E and a receiving part R 
as follows. 

The emitting part E comprises a first prism element 2 such as an 
individual first prism 20 that is rotatable about a rotation axis 
10, a radiation beam source 21 such as an infrared laser diode, 
and a lens arrangement 22 such as a Fresnel lens. The receiving 
part R is embodied generally analogously to the emitting part E. 
It is distinguished from the emitting part E, however, in that 
the beam source 21 of the emitting part E is instead replaced by 
a photodetector 31 such as a PIN diode in the receiving part R. 
Namely, the receiving part R comprises a receiving prism element 
3, for example an individual receiving prism body 30, which has 
the same configuration, dimensions, material and the like, as the 
emitting prism 20. The receiving part R further comprises a 
receiving lens arrangement 32 embodied the same as the emitting 
lens arrangement 22. The two prisms 20 and 30 are positioned one 
above the other and are rotated in common together about the same 
single rotation axis 10 during the scanning process. 

In the above described regards, the apparatus according to Fig. 
3 generally corresponds to the structure and operation of the 
apparatus and method according to Figs . 1 and 2 . A special 
embodiment of this apparatus will now be described further in 
connection with Figs. 3 and 4. In this embodiment, each prism 
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20 and 30 comprises plural side surfaces that are respectively 
tilted at different tilt angles relative to the rotation axis 10. 
Thus, the deflection of the emitted beam EB will be carried out 
progressively to be scanned from the point PI to the point PI' 
across a single line of the scene S as described above in 
connection with Figs. 1 and 2, respectively for each one of the 
side surfaces of the prism. However, since the several side 
surfaces of each prism respectively have different tilt angles 
relative to the rotation axis 10, this scanning deflection of the 
emitted beam EB will thus be carried out along plural scanning 
planes that are respectively individually associated with the 
individual side surfaces of the prism. Namely, each scanning 
plane will be oriented at a different angle dependent on and 
correlated to the different tilt angles of the respective side 
surfaces of the prism. The respective position of each of the 
scanning planes will be determined by the respective tilt angle 
of the particular side surface that is reflecting and scanning 
the emitted beam along that scanning plane. A change or 
transition from one scanning plane to the next will occur each 
time that the continuing rotation of the prism moves one side 
surface out of the beam path and the next side surface into the 
beam path of the emitted beam penetrating into the prism. 

Fig. 4 is a detailed perspective illustration of a corresponding 
emitting prism 20 of the embodiment of the apparatus as shown in 
Fig. 3. This prism 20 has a triangular cross-section bounded by 
three side surfaces 201, 202 and 203, which each respectively 
have different tilt angles al, a2 and a3 relative to the rotation 
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axis 10. The tilt angle al between the side surface 201 and the 
rotation axis 10 is defined as the angle between a line segment 
212 extending parallel to the rotation axis 10 and a second line 
211 that represents the intersection of the side surface 201 with 
a section plane 200 lying in and extending from the rotation axis 
10 to intersect perpendicularly with the side surface 201. The 
other tilt angles cx2 and a3 of the side surfaces 202 and 203 are 
defined in a similar manner. Another way of defining these tilt 
angles is simply to consider the angle of the intersection of the 
extended plane of the respective side surface with a plane 
extending along the rotation axis 10 so that the two planes 
intersect each other along a line perpendicular to the axis 10. 

During the optical scanning process, the light radiation source 
21 emits an unbundled or uncollimated light beam forming the 
emitted scanning beam EB, in a direction toward the emitter prism 

4 

20. In this regard, the light source 21 is positioned relative 
to the prism 20 in such a manner so that the emitted scanning 
beam EB is emitted along a plane that is perpendicular or normal 
to the rotation axis 10 and impinges and penetrates into the 
prism 20. As already described above, the emitted beam EB may 
be refracted as it passes through the respective side surface of 
the prism 20, by a refraction value that is dependent on the 
momentary angular position of. the prism 20 as well as the tilt 
angle of this side surface. Then, within the body of the prism 
20, the emitted beam EB is deflected by total internal reflection 
from another one of the side surfaces of the prism 20, whereby 
the beam is then directed to the next side surface of the prism 
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20, through which the emitted beam EB exits the body of the prism 
20 while again being refracted. The deflected emitted beam EB 
exiting from the prism 2 0 then passes through the lens 
arrangement 22, which serves to bundle, collimate or focus the 
emitted beam EB onto a scanning surface, which could be a virtual 
plane, of the scene S that is to be scanned. 

Thus, at any moment in time, the emitted beam EB illuminates a 
particular scanning point P on the scanning surface of the scene 
S, and this scanning point P is scanned across the image in a 
single scan line due to the rotation of the prism 20. The 
focusing provided by the lens arrangement 22, in connection with 
the original beam parameters of the emitted beam EB as output by 
the source 21, and in connection with the refraction 
characteristics and the like provided by the prism 20, are 
designed so that the focused deflected emitted beam EB is 
projected onto the scene S with a prescribed angular field of the 
point P, for example a vertical beam angle of 3°, and a 
horizontal beam angle of 1°. This prescribed angular field of 
the emitted beam EB, in connection with the distance between the 
apparatus 1 and the scene S, will determine the dimensions of the 
projected or illuminated scanning point P that is illuminated by 
the beam EB on the scene S at any given time. 

Whenever a reflective object is located at the scanning point P 
in the scene S, then at least a portion of the light of the 
emitted beam EB will be reflected from this object at the 
scanning point P as a reflected beam RB, directed back to the 
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receiving part R. This reflected beam RB is received via the 
receiving lens arrangement 32 and thereby focused or imaged onto 
the receiving prism 30, through which it is refracted and 
deflected onto the photodetector 31. Thereby, the refraction and 
internal total reflection of the reflected beam RB through the 
prism 30 corresponds to the refraction and reflection of the 
emitted beam EB through the prism 20 . Due to the identical 
configuration, dimensions, etc. of the prisms 20 and 30, and due 
to the respectively corresponding positioning of the light beam 
source 21 relative to the prism 20 and of the photodetector 31 
relative to the prism 30, it is ensured that the photodetector 
31 will receive and detect the reflected beam RB that arises from 
the emitted beam EB projected onto the scanning point P of the 
scene S at any moment in time. 

As described above, during the scanning process, the two prisms 
20 and 30 are rotated in common about the rotation axis 10, which 
leads to a variation of the reflection angles of the emitted beam 
EB and the reflected beam RB respectively in the interior of the 
prisms 20 and 30 dependent on the variation of the rotational 
angular position of the respective prism. Due to the variation 
of the reflection angle in the prism 20, the emitted beam EB is 
pivoted or scanned in a direction extending perpendicular to the 
rotation axis 10. For example, if the rotation axis 10 is 
oriented vertically, thereby the emitted beam EB will be scanned 
in a horizontal direction across the scene S as the scanning 
point P is moved, for example from point PI to point PI". This 
single line scan from point PI to PI' is achieved due to the 
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varying deflection of the emitted beam EB by a single one of the 
side surfaces of the prism 20, as the prism 20 is rotated through 
the rotation angle a as described above in connection with 
Fig. 1. 

Then, as the prism 20 rotates further, the next adjacent side 
surface of the prism 20 will be rotated into the beam path of the 
emitted beam EB penetrating into the prism 20. Thus, at this 
point, from the transition from one side surface to the next, the 
deflection of the emitted beam will "jump" from the first side 
surface to the next. Since the next side surface has a different 
tilt angle al, a2 or a3 relative to the preceding side surface, 
the new deflection of the emitted beam EB will be along a next 
one of plural scanning planes that lie angularly one above (or 
below) another. The angular positions or orientations of these 
scanning planes are determined by the respective tilt angles al, 
a2 and a3 of the side surfaces 201, 202 and 203 of the prism 20. 
Then, as the prism 2 0 rotates further, the varying rotational 
angle of the respective "active" side surface of the prism 20 
will once again cause a horizontal scanning of the scanning point 
P across the next line of the scene S, for example from the point 
P2 to the point P2 1 . Thus, a configuration of the prism 2 0 with 
three side surfaces 201, 202 and 203 at successive different tilt 
angles al, a2 and a3 will result in three scan lines LI, L2 and 
L3 successively across the scene S. Thereby, the width (i.e. in 
this embodiment the vertical height) of each one of the scan 
lines LI, L2 and L3 is determined by the vertical dimension of 
the scanning point P as described above. 
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The tilt angles al, a2 and a3, and especially the differences 
therebetween, are preferably selected to be relative small angles 
with particular values so that no gaps will arise between the 
successive scan lines LI, L2 and L3, but instead that the scan 
lines LI, L2 and L3 will at most very slightly overlap one 
another successively. In this regard, the scan lines LI, L2 and 
L3 are not exactly parallel to each other due to the different 
tilt angles al, a2 and a3, and also depending on the existing 
orientation of the scene S relative to the apparatus 1, and the 
like. It has been determined that the values al = 2°, oc2 = 3°, 
and oc3 = 4° satisfy the requirements discussed above. While this 
example relates to a triangular prism with three side surfaces, 
similar considerations apply to other prism cross-sectional 
shapes, for example any n-sided polygon shape with the number n 
of side surfaces. 

The above describe apparatus 1 can be regarded as a spacing 
distance radar system for use in a driver support or assistance 
system in a motor vehicle, especially in a spacing distance 
regulating system for a motor vehicle. In this context, the 
spacing distance radar system serves as a sensor for generating 
two dimensional spacing distance images of the scene existing in 
front of the motor vehicle in the driving direction. As 
discussed above, such a system can further involve determining 
spacing distance values by evaluating the signal transit time of 
the emitted beam and the reflected beam arising therefrom. Also, 
by evaluating the image information, it is possible to recognize 
objects, and especially preceding vehicles, located in front of 
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the subject motor vehicle, and then to warn the driver of the 
subject vehicle of dangerous driving situations, and/or to 
automatically control the driving speed in order to achieve an 
automatic spacing distance regulation. 

Although the invention has been described with reference to 
specific example embodiments, it will be appreciated that it is 
intended to cover all modifications and equivalents within the 
scope of the appended claims. It should also be understood that 
the present disclosure includes all possible combinations of any- 
individual features recited in any of the appended claims. 
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